Abstract: This paper presents Solar UV radiation monitoring technique using a photo voltaic cell. The data obtained by such technique can be used to calculate the UV index and measure risk of UV exposure. UV irradiance at the surface is affected by the solar elevation, total ozone, clouds, aerosol, surface albedo etc. This paper presents results from the designed instrument to evaluate the UV index. The data obtained from such method will have benefit in installation, maintenance, data transfer and operational cost. This paper highlights the development and initial validation of standard UV data along with the portable embedded device for personalized UV monitoring which is based on a novel programming technique, photo Voltaic Cell as UV sensor, and a microcontroller PIC16F877A. This portable personalized UV monitoring device just provides the tentative UVI as it does not take the depth of ozone layer into account. Rough estimation of UVI can be obtained with such embedded system.
Introduction
Ultraviolet (UV) radiation is electromagnetic radiation with a wavelength shorter than that of visible light, but longer than high energetic radiation like X-rays, lying in the range 10 nm to 400 nm, with energies from 3eV to 124 eV. It is so named because the spectrum consists of electromagnetic waves with frequencies higher than those that humans identify as the color violet. UV light is found in sunlight and is emitted by electric arcs and specialized lights such as black lights. It can cause chemical reactions, and causes many substances to glow or fluoresce.
[Navid Amini, Computer Science Department, University of California, Los Angeles, CA 90095, USA A wireless embedded device for personalized Ultraviolet monitoring (cs.ucla.edu)]
The Global Solar UV index (UVI) determines the level of solar UV radiation on the Earth's surface (Maddodi and Setaluri, 2008, HKO (Hong Kong Observatory), 2008). The foremost intention of the UVI is to provide easy concept to the public about the skin damaging UV radiation.
The value of the index ranges from zero and upward while index of '0' corresponds to zero UV irradiation. The higher the index value, the greater is the potential for damage to the skin and eye, and thus lesser is the time for harm to occur. The UV index is an open-ended linear scale as:
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Health Organization as categorized the level of UV in different extent and is summarized in Table 1 . The personalized UV monitoring device used in this study is an approach to monitor the UVI for the particular time to provide the indication of strength at any place with an economic way. Solar Radiation and Aerosols in Himalayan Region (SAHR) is monitoring the UV radiation in Nepal installing NILU-UV multi channel radiometer that measures UV irradiances at five channels with center wavelengths at 305, 312, 320, 340 and 380 nm. The channel bandwidths are approximately 10 nm at full width half maximum (FWHM). In addition, the sixth channel measures photosynthetic active radiation (PAR) in the wavelength region 400-700 nm. The optical part of the instrument consists of a Teflon diffuser, silicium detectors and high quality bandpass filters. Implementation of the personalized UV monitoring device is cheap and can be installed in every location of concern. Being a cheap approach to monitor UVI, personalized UV monitoring device can be installed in more cities. Acquiring the data of the intermediate regions would help to develop UVI map of the city or the whole country itself.
Major flaw in forecasting of the UVI of certain large area by the weather stations is due to the difference in the effects of ozone, atmospheric pollutants, and aerosols. This alters UV intensity and it is not taken into account during calculation. This is prominent especially in urban areas. While on the other hand, the forecast does not take into account variable surface reflection (e.g., sand, water, concrete or snow), which can substantially increase individual's exposure at the mountains, water banks or on snowy-slopes.
Methodology
The NILU-UV radiometer was used to calibrate the personalized UV measurement system developed. The dose rate obtained from the NILU-UV multichannel radiometer is used to calculate the UVI. Thus calculated UVI is the standard UVI for further testing using this instrument.
The hardware and software structure of the proposed personalized UV device are explained in the proceeding subsections.
System Design: 
Calibration and Testing:
The output of the personalized UV monitoring system was the voltage taken every five minutes. This personalized system was placed in the premises of the Pulchowk Campus, Institute of Engineering (IOE) where the NILU-UV is installed. The regression line is drawn. Comparing the output voltage from the microcontroller with the standard UVI to get the conversion formula an empirical relation was derived as shown below.
Calculated UVI = b 1 +b 2 *voltage where b 1 and b 2 are the coefficients of the regression line. Hence the UVI is calculated using above formula. The personalized UV monitoring device was left for testing after its calibration. The error percentage was calculated to determine the efficiency of the personalized UV monitoring device. The test was carried out on different weather conditions, one on the sunny day and the other on the cloudy day. As stated earlier the result gives the indication of the level of UVI since the ozone concentration during calibration and real time measurement will not be same.
RESULTS
The relation between the voltage provided by the sensor (PV cell) and NILU-UV during calibration is given in table 2 to obtain regression line. The statistics of the data is also shown in the same The scatter diagram depicts how much the variable fits to the regressed line. If the residual square is higher, the variables fit to the regressed line. The square of residual of the first test is higher in comparision with the second thus the output of first test is highly correlated with the line of regression.
Whereas the residual plot shows the variation of the variable (UVI-PV) with the average value of UVI. This shows how much the UVI of PV deviates from the average value of UVI. The values of day 1 are less scattered than the day 2.
Conclusion
In this paper we adopt Photo Voltaic Cell as UV sensor to implement a real-time and personalized UV monitoring. The personalized UV monitoring device explained in this stuey can be put on the location of interest. It is not obtrusive and is portable in nature. Since the system is small, economical, it proved to be very feasible.
As the device was implemented in the premises of Pulchowk Campus, IOE, the effect of the ozone layer was not considered in the calculation of UVI. The depth of ozone layer was assumed to be same in the test site throughout the measurement period.
The PV based UVI monitoring device is unable to measure the UVB present in the solar radiation as it got absorbed by the plastic cover present in the PV cell. On the other hand the analog voltage from the PV cell is due to UVA along with some part of visible rays near UVA, which gives the tentative UVI of the site. Thus the UVI calculated is the approximation. Some part of visible rays near UVA provides the sensor the energy that is changed into analog voltage which is roughly near to the energy of UVB missed out by the sensor. Hence the personalized UV monitoring device roughly estimates the UVI at a place.
Since, the personalized UV monitoring device is economical, portable and easy to implement, installation in numerous locations is easy once if a look up table is made for different ozone level. Hence the UVI map of certain location of interest can be generated with the result. This would help to validate the Satellite UV data. PIC16F87XA Data Sheet [6] http://www.freepatentsonline.com/6459087.html [7] http://users.ntua.gr/mmakro/UVsource-measurem.pdf [8] SAHR IOE, http://www.ioe.edu.np/sahr [9] Operating manual, Solar Light Company, 501 UV-Biometer, http://www.solar.com, 2008. [10] Maddodi N., Setaluri V. 
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